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REPEATER AMPLIFIER APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a repeater amplifier
apparatus including a master station device and one or more
slave station device, and more particularly, to such an
apparatus capable of rewriting an operation program of the
slave station device from the master station device.

2. Description of the Related Art

In the communication of wireless terminal equipment
such as portable telephones, a repeater amplifier apparatus
for radio communication repeater 1s used for performing
radio or wireless communication with a base station device
even when a slave station device i the form of a terminal
device 1s 1n a tunnel, a building or the like.

The repeater amplifier apparatus imncludes a master station
device which can communicate with the base station device,
and a slave station device which 1s connected to the master
station device and which 1s able to communicate with a slave
station device, the slave station device being set up 1n a
space between the roof and the ceiling of a building or 1n the
interior of a tunnel, or like other places.

The master station device and the slave station device
cach have a control unit for self control thereot so that they
can operate to provide the best communication suitable for
the environmental condition under the control of an opera-
fion program executed by each control unit.

Incidentally, an example of a change of the slave station
program 1s to replace one speciiication program with another
or change operation parameters thereol as required.
Specifically, 1n the normal operating state of the slave
station, at customer’s request, one specification or operation
mode of the system, in which the power supply to the
amplifier 1s turned off when the output of the amplifier
exceeds 30 dB due to an excessive 1nput thereto, 1s changed
to another specification or operation mode, 1n which when
the output of the amplifier exceeds 30 dB, the amplifier
output 1s first reduced stepwise at a quantity of 1 dB every
10 seconds, and 1f the amplifier output 1s still over 30 dB at
the time when 1t has been reduced by 10 dB from the mitial
level, the power supply to the amplifier 1s then turned off.

SUMMARY OF THE INVENTION

In view of the above, an object of the present invention 1s
intended to solve the above-mentioned conventional
problems, and has for its object to provide a repeater
amplifier apparatus of the character as described above 1n
which an operator 1s able to change an operation program of
a slave station device without actually visiting to an instal-
lation site of the slave station device, thus enabling the
operation program to be changed 1n an efficient manner.

Bearing the above object 1n mind, according to the present
invention, there 1s provided a repeater amplifier apparatus
comprising a repeater amplifier apparatus comprising: a
master station device for communicating with a base station
device; a slave station device connected to the master station
device and adapted to communicate with a mobile station
device; and slave station operation program changing means
for changing an operation program of the slave station
device from the master station device when the master and
slave station devices are in normal operation.

With such a construction of the repeater amplifier
apparatus, an operator can change the operation program of
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the slave station device even 1f the operator does not actually
o0 to the site of installation at which the operation program
of the slave station device 1s stored.

In one preferred form of the invention, the rely amplifier
apparatus further comprises means for enabling the opera-
fion program of the slave station device to be changed
without interrupting the control operation of the slave station
device while changing the slave station operation program.

Thus, 1t 1s possible to readily change the operation pro-
oram of the slave station device from the master station
device while allowing the control operations of the master
station device and the slave station device to continue.

In another preferred form of the invention, the slave
station device comprises a master CPU for changing the
slave station operation program, and the means for enabling
the operation program of the slave station device without
interrupting the control operation of the slave station device
while changing the slave station operation program com-
prises a slave CPU for controlling the operation of the slave
station device during the master CPU 1s changing the slave
station operation program.

In a further preferred form of the invention, the master
station device comprises: a first down repeater for receiving
a signal from the base station device to amplily and send it
to the slave station device; a first up repeater for receiving
a signal from the slave station device and amplify and send
it to the base station device; and a first control unit for
controlling the master station device.

In a still further preferred form of the imnvention, the slave
station device comprises: a second down repeater for receiv-
ing a signal from the master station device to amplify and
send 1t to the mobile station device; a second up repeater for
receiving a signal from the mobile station device and
amplify and send it to the master station device; and a
control unit for controlling the slave station device. The
slave station operation program changing means changes the
operation program of the slave station device through the
first control unit of the master station device when the master
and slave station devices are 1n normal operation.

In a further preferred form of the invention, operation
program data 1s transmitted from the master station device to
the second control unit of the slave station device 1n such a
manner as to be superimposed on an RF signal indicative of
transmission information. Thus, it 1s possible to avoid the
intrinsic function of the repeater amplifier apparatus being
interrupted or impaired in the process of changing the
operation program and/or transmitting the operation pro-
oram data.

In a further preferred form of the invention, the operation
program of the slave station device control unit after having
been changed can be restored to the previous or original
state. Accordingly, even 1n the event there arises an error or
trouble 1n writing a new operation program into the slave
station device, 1t 1s possible to reinstate the slave station
device to its original state, thus enabling 1t to be re-activated
or restarted.

In a yet further preferred form of the invention, the master
station device further comprises: a first antenna for radio
communication with the base station device; a shared unit
connected to the first antenna and having an input connected
to the first up repeater and an output connected to the first
down repeater; and a power supply for supplying electric

power to the first up and down repeaters, the first control unit
and the first shared unit.

In a further preferred form of the invention, the down
repeater comprises: a down amplifier having an 1nput con-
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nected to an output of the first shared unit; an electro-optical
transducer having an input connected to an output of the first
down amplifier and an output side of the first control unit;
and an optical distributor having an mput connected to an
output of the electro-optical transducer and an output con-
nected to the slave station device through an optical cable.

In a further preferred form of the invention, the up
repeater comprises: an opto-electrical transducer connected
to an output side of the slave station device; a synthesizer
having an input connected to an output side of the opto-
clectrical transducer and an output connected to the first
control unit; and an up amplifier having an input connected
to the output of the synthesizer and an output connected to
the 1nput of the shared unait.

In a further preferred form of the invention, the slave
station device further comprises: a second shared unit con-
nected to an output side of the second down repeater; a
second antenna provided on the shared unit for radio com-
munication with the mobile station device; and a second
power supply for supplying electric power to the second up

and down repeaters, the second control unit and the second
shared unat.

In a further preferred form of the invention, the second
down repeater comprises: an opto-electrical transducer hav-
ing an 1put connected to an output side of the master station
device through an optical cable and an output connected to
the second control unit; and a down amplifier having an
input to an output of the opto-clectrical transducer and an
output connected to the second shared unat.

In a further preferred form of the invention, the second up
repeater comprises: an up amplifier having an input con-
nected to an output side of the shared unit and an output
connected to the second control unit; and an electro-optical
transducer having an input connected to the output of the up
amplifier and an output connected to an input side of the
master station device through an optical cable.

In a further preferred form of the invention, the first
control unit of the master station device comprises: a first
CPU; a ROM connected to the first CPU for storing a
program for controlling the master station device; a RAM
connected with the first CPU for temporarily storing data; an
external interface connected to the first MPU and adapted to
be connected with a computer for changing or rewriting the
slave station operation program with a new operation pro-
oram stored therein; and a first modem connected to the first
CPU for communication with the slave station device and
having an iput connected to the first up repeater and an
output connected to the first down repeater.

In a further preferred form of the invention, the second
control unit of the slave station device comprises; a second
CPU; a second readable and rewriteable ROM connected to
the second CPU for storing the slave station operation
program; a second RAM connected with the second CPU for
temporarily storing data; and a second modem connected to
the second CPU for communication with the first modem of
the master station device and having an input connected to
the second up repeater and an output connected to the second
down repeater.

In a further preferred form of the mmvention, the ROM of
the second control unit has an address configuration com-
prising: a vector area in which there are stored an 1nitial-
1zation program for 1nitializing the respective components of
the slave station device and a rewrite-processing program
for rewriting the slave station operation program; a first
application area for storing the slave station operation pro-
oram; and a second application area usable for temporarily
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storing the slave station operation program, which 1s moved
thereto from the first application area prior to rewriting a
new operation program thereinto.

The above and other objects, features and advantages of
the present mvention will become more readily apparent
from the following detailed description of a preferred
embodiment of the mvention taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a repeater amplifier
apparatus 1n the form of a booster for a portable telephone
in an embodiment of the present 1nvention.

FIG. 2 15 a block diagram showing the details of control
units and their related components according to the embodi-
ment of the present mnvention.

FIG. 3 1s a flow chart showing the procedure for changing
software program data for a slave station device according
to the embodiment of the present invention.

FIG. 4 shows a data configuration in a ROM of the slave
station device according to the present invention.

FIG. 5 1s a block diagram showing the details of a slave
station control unit in accordance with a second embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, preferred embodiments of the present invention will
be described 1n detail while referring to the accompanying
drawings.

FIG. 1 1llustrates 1 block form a repeater amplifier
apparatus or booster for a portable telephone constructed 1n
accordance with the principles of the present invention.

As shown i FIG. 1, the portable telephone repeater
amplifier apparatus, generally designated at a reference
numeral 100, 1s equipped with a master station device 101
for communicating with a base station device 129, and a
plurality of slave station devices 115A—115N for performing
radio communication (transmission and reception) with
slave station devices such as portable telephones.

The master station device 101 includes an antenna 111
(first antenna) for radio communication with the base station
device 129, a common or shared unit 110 (first shared unit)
connected to the antenna 111, a down repeater 102 (first
down repeater) connected to an output side of the shared unit
110, an up repeater 106 (first up repeater) connected to an
input side of the shared unit 110, a first control unit 113 (first
control unit) to be described in detail later, a power supply
112 (first power supply) for supplying electric power to the
respective components, and an external interface 114 pro-
vided at the control unit 113.

Here, the down repeater 102 includes a down amplifier
103 connected to the output side of the shared unit 110, an
electro-optical transducer 104 connected to an output side of
the down amplifier 103, and an optical distributor 105
connected to an output side of the electro-optical transducer

104.

In addition, the up repeater 106 includes a plurality of
opto-electrical transducers 107 connected to corresponding
clectro-optical transducers 121 of the slave station devices
115A-115N, respectively, a synthesizer 108 connected to the
opto-electrical transducers 107, and an up amplifier 109
connected to an output side of the synthesizer 108. An output
side of the up amplifier 109 1s connected to the mput side of

the shared unit 110.
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The slave station devices 115A—115N are each equipped
with a down repeater 116 (second down repeater), a common
or shared unit 122 (second shared unit) connected to an
output side of the down repeater 116, an up amplifier 120
(second up amplifier) connected to an output side of the
shared unit 122, an antenna 123 (second antenna) provided
on the shared umit 122 for radio communication with a
mobile station device 130, a power supply 124 for supplying
clectric power to the respective components, and a control
unit 123 (second control unit) to be described in detail later.

The down repeater 116 includes an opto-electrical trans-
ducer 117 connected at 1ts 1nput side to an output side of the
optical distributor 105 of the master station device 101
through a down optical cable 127, and a down amplifier 118
connected at 1ts 1nput to an output side of the opto-electrical
transducer 117 and at its output side to the shared unit 122.

The up repeater 119 includes an up amplifier 120 con-
nected at its input side to the shared unmit 122, and an
clectro-optical transducer 121 connected at its input side to
the up amplifier 120 and at 1its output side to the input side
of the corresponding opto-electrical transducer 107 of the

master station device 101 through an up optical cable 128.

Next, the general operation of the repeater amplifier
apparatus shown 1 FIG. 1 will be explained below.

The portable telephone repeater amplifier apparatus 100 1s
to relay or repeat a radio frequency (RF) signal between a
plurality of mobile station devices disposed at certain
locations, €.g., 1n the interior of a tunnel, where electric or
radio waves do not reach, and a base station device set up in
the outdoor, so as to enable the mobile station devices to be
used for communication. For this reason, the repeater ampli-
fier apparatus 100 has high publicity so that once the
apparatus 100 1s turned on to start 1ts operation, 1t 1s required
to maintain its operating condition as long as possible.

The master station device 101 amplifies a down RF signal
received from the base station device 129 and transmits 1t to
the slave station devices 115A—115N, and also 1t amplifies
an up RF signal received from each of the slave station
devices 115A—115N and transmits it to the base station
device 129.

The down repeater 102 superimposes a modem signal
from the control unit 113 on the radio frequency signal
which has been amplified to a desired level by means of the
down amplifier 103. The resultant signal 1s then converted
into an optical signal by means of the electro-optical trans-
ducer 104, and distributed and sent by the optical distributor
105 to the plural slave station devices 115A—115N through
the down optical cables 127.

The up repeater 106 operates such that the optical signals
received from the plural slave station devices 115A—115N
via the up optical cables 128 are converted by the opto-
clectrical transducer 107 into corresponding electrical
signals, which are then synthesized into a single signal by
means of the synthesizer 108. The synthesized signal is
divided into a modem signal and an RF signal, the modem
signal bemng transmitted to the control unit 113, whilst the
RF signal being transmitted to the up amplifier 109.

The shared umit 110 transmits the down RF signal
received at the antenna 111 from the base station device 129
to the down amplifier 103. Also, the shared unit 110 trans-
mits the up RF signal from the up amplifier 109 to the base
station device 129 through the antenna 111.

The power supply unit 112 serves to supply electric power
to the respective components of the master station device

101.

The control unit 113 controls the master station device
101 and communicates with the slave station devices
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115A—115N so as to supervise and control them. Details of
the way how to modily or change the slave station operation
program will be described later.

The 1interface 114 1s an external interface which 1s used for
maintaining the portable telephone repeater amplifier appa-

ratus 100.

The slave station devices 115A—115N are each set up 1n
such a place as, for example, a tunnel, a building, an
underground shopping center, etc., where the radio signal
transmitted directly from the base station device 129 does
not reach, so that 1t amplifies a down RF signal received
from the master station device 101 to transmit it to a mobile
station device 130, and also amplifies an up RF signal
received from a slave station device 130 to transmit 1t to the
master station device 101.

The down repeater 116 operates such that an optical signal
received from the master station device 101 through the
down opftical cable 127 1s converted by the opto-electrical
transducer 117 1nto a corresponding electrical signal, which
1s then divided into a modem signal and an RF signal. The
modem signal 1s transmitted to the control unit 125, and the
RF signal 1s transmitted to the down amplifier 118.

The up repeater 119 superimposes the modem signal from
the control unit 125 on the RF signal which has been
amplified to a desired level by means of the up amplifier 120.
The amplified signal 1s then converted by the electro-optical
transducer 121 into a corresponding optical signal and

transmitted to the master station device 101 through the up
optical cable 128.

The shared unit 122 transmits the down RF signal from
the down amplifier 118 to the corresponding mobile station
device 130 through the antenna 123. Also, the shared unit
122 transmits the up RF signal received at the antenna 123
from the corresponding mobile station device 130 to the up

amplifier 120.

The power supply unit 124 serves to supply electric power
to the respective components of the related slave station
device.

The control umit 125 controls the related slave station
device, and communicates with the master station device
101 so as to mform 1t of the operating state of the related
slave station device. Details of the way how to change or
modify a slave station operation program stored in each
slave station control unit 125 will be described later.

Here, the slave station devices 115A—-115N connected to
the master station device 101 shows that two or more slave
station devices can be connected to the master station
device.

The down optical cables 127 are to transmit the optical
signals distributed by the optical distributor 105 of the
master station device 101 to the respective opto-electrical

transducers 117 of the plural slave station devices
115A—-115N.

The up optical cables 128 are to transmit the optical
signals output from the respective electro-optical transduc-
ers 121 of the plural slave station devices 115A—115N to the
opto-electrical transducer 107 of the master station device
101. The base station device 129 comprises a radio com-
munication base station device for portable telephones
which 1s to be 1nstalled by a business person or enterprise for
transmitting a down RF signal to as well as receiving an up
RF signal from the master station device 101 of the portable
telephone repeater amplifier apparatus 100.

The slave station device 130 comprises a portable tele-
phone which 1s used by a general user for transmitting a
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down RF signal to and receiving an up RF signal from the
master station device of the portable telephone repeater
amplifier apparatus 100.

Now, a more concrete or specilic operation of this
embodiment will be explained below.

FIG. 2 shows the details of the control units 114,125 of the
portable telephone repeater amplifier apparatus according to
this embodiment. Although a plurality of slave station
devices can actually be connected to the master station
device 101, only one of them i1s exemplarily shown and
designated at a reference numeral 115 1n FIG. 2 for the sake

of stmplicity 1n the description with the optical distributor
105 and the synthesizer 108 1n FIG. 1 being omitted.

As shown 1 FIG. 2, the master station control unit 113
comprises a central processing unit (hereinafter referred
simply to as a CPU) 201 and its associated elements includ-

ing a ROM 202, a RAM 203, an external intertace 204 and
a modem 205 all connected to the CPU 201.

An electro-optical transducer 104A corresponding to the
clement 104 of FIG. 1 1s connected to an output side of the
modem 205 which 1s connected at 1ts 1nput side to an
opto-electrical transducer 107A. Moreover, the transmission
line 208 for a down RF signal output to the electro-optical
transducer 104 A 1s connected to an output side of the modem
205, an mput side of which 1s connected the transmission
line 209 for an up RF signal output from the synthesizer (not
shown in FIG. 2 but see the element 108 in FIG. 1) to the up
amplifier (not shown in FIG. 2 but see the element 109 in
FIG. 1). A personal computer (PC) 221 is connected to the
external mterface 204.

In FIG. 2, the slave station control unit 125 comprises a
CPU 211 and 1ts associated elements including a ROM 212,

a RAM 213 and a modem 214 all connected to the CPU 211.

An electro-optical transducer 121 A corresponding to the
clement 121 1n FIG. 1 1s connected to an output side of the
modem 214, an input side of which 1s connected an opto-
clectrical transducer 117A. Moreover, the up transmission
line 218 for an up RF signal output to the electro-optical
transducer 121 1n FIG. 1 1s connected to the output side of
the modem 214, and the down transmission line 217 for a
down RF signal output from the opto-electrical transducer
117A to the down amplifier 116 in FIG. 1 1s connected to the
input side of the modem 2085.

Here, note that elements 127A and 128 A correspond to the
down optical cable 127 and the up optical cable 128 of FIG.
1, respectively.

With the above-mentioned construction of the repeater
amplifier apparatus, the master station control unit 113
normally controls the master station device 101 and com-
municates with the slave station devices to supervise and
control them.

The CPU 201 performs input and output control on the
interface 204, the processing of data input from the 1nterface
204, 1nput and output control on the modem 205, commu-
nication with the slave station devices through the modem
205, reading of the system operation program stored in the

ROM 202, and writing of the processed data into the RAM
203.

The ROM 202 stores the operation program for the CPU
201, and to this end, 1t comprises a readable and writeable
memory such as a flash memory which data can be read out
of and written 1nto. However, the ROM 202 1s usually used
as a read-only memory.

The RAM 203 temporarily preserves a variety of data
including the data input from the interface 204, the data to
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be transmitted and received through the modem 205, and the
data being processed by the CPU 201.

The interface 204 1s a serial interface of the RS-232C
type, and serves as an external interface to which a special-
purpose or exclusive processing device or tool can be
connected when maintenance of the portable telephone
repeater amplifier apparatus 100 1s carried out. In addition,
the mterface 204, being an RS-232C type serial interface,
can be connected to a personal computer or the like for data
transmission therebetween.

The modem 2035 1s of the frequency modulation type and
performs data transmission and reception at two different
frequencies representing “0” and “1”, respectively. Thus,
this modem signal can be transmitted through the RF
transmission path while being superimposed on other sig-
nals therein, for communication with the slave station
devices.

The electro-optical transducer 104A converts a down RF
signal 208 1n the form of an electric signal and the output
signal of the modem 2035 superimposed thereon into corre-
sponding optical signals.

The opto-electrical transducer 107A converts an up RF
signal in the form of an optical signal transmitted from the
slave station device 115 and the modem signal of the slave

station superimposed thereon into corresponding electric
signals.

The down RF signal 208 comprises an RF signal ampli-
fied by the down amplifier 103, and the up RF signal 209
comprises an RF signal mput to the up amplifier 109.

The slave station control unit 125 usually controls the
slave station device 115 and communicates with the master
station device 101. The CPU 211 controls the input and
output of the modem 214, communicates with the master
station device 101 through the modem 214, reads out the
system operation program stored i the ROM 212, and
writes the processed data into the RAM 213.

The ROM 212 stores the operation program for the CPU
211, and to this end, it comprises a readable and writeable
memory such as a flash memory which data can be read out
of and written into. The ROM 212 1s usually used as a
read-only memory. The RAM 213 temporarily preserves a
variety of data including the data to be transmitted and
received through the modem 214, and the data being pro-

cessed by the CPU 211.

The modem 214 1s of the same frequency modulation type
as the one used with the master station device, and performs
data transmission and reception at two different frequencies
representing “0” and “17, respectively. Thus, this modem
signal can be transmitted through an RF transmission path
while being superimposed on other signals therem, for
communication with the master station device.

The opto-electrical transducer 117A converts a down RF
signal in the form of an optical signal transmitted from the
master station device and the modem signal of the master
station device superimposed on the down RF signal into
corresponding electric signals.

The electro-optical transducer 121A converts an up RF
signal 218 1n the form of an electric signal and the output
signal of the modem 214 superimposed thereon 1nto corre-
sponding optical signals.

The down RF signal 217 comprises an RF signal imput to
the down amplifier 118, and the up RF signal 218 comprises
an up RF signal amplified by the up amplifier 120. The
personal computer (PC) 221 can be connected to the inter-
face 204 of the master station control unit 113, and stores
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therein slave station operation program data which 1s used
for changing another operation program stored in the slave
station device as required according to the embodiment of
the present invention.

Next, reference 1s made to the procedure or data flow for
changing the operation program stored in the slave station
115 1n accordance with the embodiment of the present
invention.

First, the PC 221 1s connected to the interface 204 of the
master station control unit 113 so that the CPU 201 comes
to be able to transmit and receive data to and from the PC
221. Thus, the CPU 201 temporarily stores in the RAM 203
a slave station operation program data transmitted from the

PC 221.

The slave station operation program data in the form of
binary data comprising “1” and “0” thus stored 1n the RAM
203 1s converted 1nto two kinds of frequency signals by
means of the modem 205, which are then superimposed on
the down RF signal and transmitted as electric signals to the
electro-optical transducer 104A. The slave station operation
program data thus received as electric signals are converted
into corresponding optical signals by means of the electro-
optical transducer 104A.

The converted optical signals are further transmitted to
the opto-electrical transducer 117A of the slave station
device 115 through the down optical cable 127A. The
opto-electrical transducer 117 A converts the received optical
signals 1nto corresponding electric signals. The converted
clectric signals are passed through a filter and divided into
an RF signal and slave station operation program data that
has already been converted into two kinds of frequency
signals by means of the opto-electrical transducer 117A.

The slave station operation program data thus converted
into the two kinds of divided frequency signals 1s returned
to the original digital signal in the form of binary data
comprising “1” and “0” by means of the modem 214. The
CPU 211 of the slave station control unit 125 then tempo-
rarily stores 1n the RAM 213 the slave station operation
program data received by the modem 214, and carries out
processing by which the content of the ROM 212 is rewritten
or changed.

Now, the processing for changing the slave station opera-

fion program in the ROM 212 will be explained while
referring to FIG. 3 and FIG. 4.

FIG. 3 1s a flow chart 1llustrating the flow of changing the
software program data 1n the slave station device 115.

As shown 1n FIG. 3, 1n step S300, the slave station device
115 performs the normal operation 1n accordance with an
original or unchanged program (i.e., program before change)
stored therein, and hence plays the role as a slave station
device of the portable telephone repeater amplifier appara-
tus. When the slave station device receives a slave station
program change request from the master station device in
step S301, 1t shafts its operation to a data reception operation
mode in step S302. In this regard, note that an operator (e.g.,
maintenance person) operates the PC by inputting an
mstruction or command, the master station device connected
to the PC outputs the slave station program change request
to the slave station device.

An example of the slave station program change as
referred to herein 1s that at customer’s request, one specifi-
cation or operation mode of the system 1n which the power
supply to the amplifier 1s turned off when the output of the
amplifier exceeds a predetermined level (e.g., 30 dB) due to
an excessive 1nput thereto 1s changed to another specifica-
fion or operation mode 1n which when the output of the
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amplifier exceeds a predetermined level (e.g., 30 dB), the
amplifier output 1s first reduced stepwise at a prescribed
quantity (e.g., 1 dB) at predetermined time intervals (e.g., 10
seconds), and if the amplifier output is still over the prede-
termined level at the time when 1t has been reduced by a
certain extent (e.g., 10 dB) from the initial level, the power
supply to the amplifier 1s then turned off.

Here, it 1s to be noted that the received data 1s just one
with the RF signal received from the base station device
being superimposed thereon during its transmission to the
slave station device, and hence the CPU, even 1if notified,
during data transmission, of an alarm such as failure from a
unit(s) or component(s) of the slave station device, can
transmit such error information to the master station device
through interruption processing. For this reason, it 1s pos-
sible to avoid impairing the intrinsic function of the portable
telephone repeater amplifier apparatus.

The received data 1s stored 1n the RAM 213, and a data
check 1s done 1n step S303. There are a variety of ways of
data checking; one example 1s that each time the slave
station device receives one bite of data, 1t may send the same
data to the master station device, or alternatively, the slave
station device may send the sum of the whole transmaitted
data to the master station device upon receipt thereof. When
checking of all the received data 1s completed, the data is
written 1n the ROM 212 1n step S304. After the data writing
ends, the slave station device resumes the normal operation

in accordance with the freshly changed program in step
S305.

FIG. 4 shows an exemplary configuration of data stored 1n
the ROM of the slave station device according to the
embodiment of the present invention.

An 1nternal configuration of the ROM 212 1n the form of
a flash memory 1s as follows: address 0000'H-OFFF'H 1s a
vector area 400; address 1000'H-1FFF'H 1s a first applica-

tion arca A401; and address 2000'H-2FFF'H 1s a second
application arca B402.

In the vector area 400 there are stored an initialization
program for setting ports of the CPU 211 and initializing the
respective portions or components of the slave station device
as well as a change- or rewrite-processing program for
changing the slave station operation program in accordance
with the present invention.

In the first application arca A401 there 1s stored the slave
station operation program which 1s usually executed by the
CPU 211 when processing of the program 1n the vector area
400 has been finished. The second application areca B402 is
a Iree or empty area ol the same capacity as the first
application areca A401.

In order to change the operation program of the slave
station device, the content of the first application area A401
1s deleted or erased and the slave station operation program
data stored mm the RAM 213 1s then written into the first
application arca A401. In this connection, note that the
change-processing program 1s executed in the vector arca
400 and hence does not stop during 1ts execution even when
the first application arca A401 1s rewritten.

In addition, if the original operation program (i.e., the
program prior to the change) of the slave station device
stored 1n the first application area A401 has been moved to
the second application area B402 before the original pro-
oram 1S erased, 1t 1s possible to restore the original program
again after the operation program of the slave station device
1s changed.

With the configuration as described above, even 1n the
event that there arises failure 1n the process of writing a new
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slave station operation program mto the ROM 212, 1t 1s
possible to re-activate the slave station device by executing,
the original operation program stored in the second appli-
cation arca B402. In this case, it goes without saying that the
change-processing program stored 1n the vector area 400 for
changing the slave station operation program 1s programmed
in such a manner that a program stored in the second
application area B402 1s executed when a new slave station
operation program can not be read out because of failure in
the writing of the new operation program into the {first
application area A401.

As described above, according to this embodiment of the
invention, provision 1s made for a slave station operation
program changing means which serves to change the opera-
tion program for the control unit of a slave station device.
Specifically, 1n the above-described embodiment, the opera-
tion program for the master station control unit 113 and the
slave station control unit 125 as well as the transmission path
from the PC 221 to the slave station control unit 125 have
been explained as constituting the slave station operation
program changing means, but for the purposes of the
invention, it will be satisfactory for the operation program of
the slave station device 115 to be changed 1n accordance
with an instruction or command from the master station
device 101. Therefore, it should be construed that the present
invention 1s not limited to the above embodiment but instead
various modifications and/or changes therecof can be made
without departing from the spirit and scope of the invention
as defined 1n the appended claims.

In the above-mentioned first embodiment, it 1s possible to
readily change the contents of the ROM 212 storing the
operation program of the slave station device 115 from the
master station device 101 without interrupting the operation
of the master station device 101, but during changing the
slave station operation program, the control operation of the
slave station device 115 1s stopped.

In view of this, a second embodiment of the present
invention enables the operation program of the slave station
device 115 to be changed without stopping the control
operation of the slave station device 115.

FIG. 5 shows the construction of a slave station control
unit 2235 of a repeater amplifier apparatus 1n accordance with
the second embodiment of the present invention. The con-
struction of the repeater amplifier apparatus of the second
embodiment 1s substantially similar to that of the aforemen-

fioned first embodiment except for the slave station control
unit 2235.

In FIG. §, the slave station control unit 225 corresponding,
to that 125 of the first embodiment comprises a modem 314
connected to an opto-etectronic transducer 117A and an
electro-optical transducer 121 (see FIG. 2), a master central
processing unit (CPU) 311 connected to the modem 314, a
slave central processing unit (CPU) 315 connected to the
master CPU 311, and a read only memory (ROM) 312 and
a random access memory (RAM) 313 both connected to the
master CPU 311 and the slave CPU 315.

The slave station control unit 225 normally controls the
slave station device 115 and performs communications with
the master station device 101. The master CPU 311 performs
input and output control of the modem 314, communications
with the master station device 101 via the modem 314, and
control of the slave CPU 315, and reads out a system
operation program stored 1in the ROM 312 and writes data
into the RAM 313. The slave CPU 315 reads out the system
operation program stored in the ROM 312 and writes
processed data into the RAM 313.
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The ROM 312 takes the form of a writable and readable
flash memory, stores therein operation programs of the
master station device 101 and the slave station CPU 315, and
usually used as a read only memory. The RAM 313 tem-
porally stores therein data to be sent and received through

the modem 314, as well as data being processed by the
master CPU 311 and the slave CPU 315.

The slave station program data converted into two kinds

of divided frequency signals 1s restored mnto digital signals
in the form of “1” or “0”. The master CPU 311 of the slave

station control unit 225 temporally stores the slave station
program data received through the modem 314 into the

RAM 313, and rewrites the contents of the ROM 312. At this
time, the slave CPU 315 continues to carry out its intrinsic
function of controlling the slave station device 115 in
parallel with rewriting the ROM 312.

The construction of the ROM 312 1s the same as that of
the ROM 212 as illustrated 1n FIG. 4 of the aforementioned
first embodiment. Thus, the following explanation will be
made referring to FIG. 4. The ROM 312 has a vector area
400 1n which are stored an initialization program for per-
forming initial settings of ports of the master CPU 311 and
the slave CPU 315 as well as various portions of the slave
station device 115, and an operation program of the master

CPU 311.

The ROM 312 also has an application area A 401 storing,
therein a slave station operation program, 1.€., an operation
program of the slave CPU 315, which 1s normally executed
by the master CPU 311 after processing of the programs
stored 1n the vector area 400. The application arca B 402 1s
an empty arca having the same capacity of that of an
application arca A 401.

In order to change the operation program of the slave
station device 1135, 1t 1s suthcient to write new slave station
operation program data stored in the RAM 313 into the
application areca B 402 while leaving the contents of the
application area A 401 as they stand. Since the rewriting of
the program 1s carried out by the master CPU 311 1n the
vector area 400, it 1s possible to perform the change of the
program while allowing the slave CPU 315 to continue to
carry out 1ts normal operation. Then, program changing can
be made simply by switching the operation program from
the application arca A 401 into the application arca B 402,
and this can be effected by the master CPU 311 instructing,
the slave CPU 315 as to which application area i1s to be
selected, 1.¢., mstructing 1t to select the application area into
which the new operation program has been written or
moved. For the purpose of identifying the programs in the
application areca A 401 and the application arca B 402 as
“new” or “old”, a bit 1n the form of “0” or “1” 1s provided
in each of the application areas 401, 402. Usually, the slave
CPU 315 operates 1n the one of the application areas which
contains the new program, but if otherwise instructed by the
master CPU 311, 1t 1s also possible to make the slave CPU
315 operate even 1n the other application area which con-
tains the old program,

Thus, according the second embodiment, provision i1s
made for a means for enabling, upon changing an operation
program of the slave station device 115, the operation
program to be changed without mterrupting the control
operation of the slave station device 115. With this
provision, 1t becomes possible to change the operation
program of the slave station device 115 while allowing the
control operation of the slave station device 115 to be
continuously carried out without any interruption.

As apparent from the foregoing description, the present
invention provides the following remarkable advantages. By
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the provision of the slave station operation program chang-
ing means for changing the operation program of the control
unit of each slave station device, an operator can readily
change or rewrite, from the master station device, the
content of the ROM storing the operation program of the

slave station device without stopping the operations of the
master and slave station devices.

Moreover, the rely amplifier apparatus further includes
means for enabling the operation program of the slave
station device to be changed without mterrupting the control
operation of the slave station device while changing the
slave station operation program. Thus, 1t 1s possible to
readily change the contents of a ROM, which stores the
operation program of the slave station device, from the
master station device while allowing the control operations
of the master station device and the slave station device to
continue.

In addition, operation program data 1s transmitted from
the master station device to the second control unit of the
slave station device 1n such a manner as to be superimposed
on an RF signal indicative of transmission information.
Thus, 1t 1s possible to avoid the intrinsic function of the
repeater amplifier apparatus being mterrupted or impaired 1n
the process of changing the operation program and/or trans-
mitting the operation program data.

Further, since the operation program of the slave station
device control unit after having been changed can be
restored to the previous or original state, even in the event
there arises an error or trouble 1n writing a new operation
program 1nto the slave station device, it 1s possible to
reinstate the slave station device to its original state, thus
enabling 1t to be re-activated or restarted.

While the invention has been described 1n terms of a few
preferred embodiments, those skilled 1n the art will recog-
nize that the invention can be practiced with modification
within the spirit and scope of the appended claims.

What 1s claimed 1s:

1. A repeater amplifier apparatus comprising:

a master station device for communicating with a base
station device;

a slave station device connected to said master station
device and adapted to communicate with a mobile
station device 1n accordance with a first operation
program; and

slave station operation program changing means for
changing from said first operation program for said
slave station device to a second operation program for
said slave station device received from said master

station device while said slave station device operates
based upon said first operation program,

wherein said master station device comprises:

a down repeater for receiving a signal from said base
station device to amplily and send said signal to said
slave station device;

an up repeater for receiving a signal from said slave
station device and amplifying and sending said sig-
nal to said base station device; and

a control unit for controlling said master station device.

2. The repeater amplifier apparatus according to claim 1,
wherein said master station device further comprises:

an antenna for radio communication with said base station
device;

a shared unit connected to said antenna and having an
input connected to said up repeater and an output
connected to said down repeater; and
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a power supply for supplying electric power to said up and

down repeaters, said control unit and said shared unat.

3. The repeater amplifier apparatus according to claim 2,
wherein said down repeater comprises:

a down amplifier having an mput connected to an output
of said shared unit;

an electro-optical transducer having an mput connected to
an output of said down amplifier and an output side of

said control unit; and

an optical distributor having an input connected to an
output of said electro-optical transducer and an output
connected to said slave station device through an
optical cable.
4. The repeater amplifier apparatus according to claim 2,
wherein said first up repeater comprises:

an opto-electrica transducer connected to an output side of
sald slave station device;

a synthesizer having an input connected to an output side
of said opto-electrical transducer and an output con-
nected to said control unit; and

an up amplifier having an input connected to the output of
said synthesizer and an output connected to the input of
said shared umnit.
5. The repeater amplifier apparatus according to claim 1,
wherein said control unit of said master station device
COMPrises:

a CPU;

a ROM connected to said CPU {for storing a program for
controlling said master station device;

a RAM connected with said CPU for temporarily storing
data;

an external mterface connected to said CPU and adapted
to be connected with a computer for changing or
rewriting said first operation program with said second
operation program stored therein; and

a modem connected to said CPU for communication with
said slave station device and having an input connected
to said up repeater and an output connected to said
down repeater.

6. A repeater amplifier apparatus comprising:

a master station device for communicating with a base
station device;

a slave station device connected to said master station
device and adapted to communicate with a mobile
station device 1n accordance with a {first operation
program; and

slave station operation program changing means for
changing from said first operation program for said
slave station device to a second operation program for
said slave station device received from said master
station device while said slave station device operates
based upon said first operation program,

wherein said slave station device comprises:

a down repeater for receiving a signal from said master
station device to amplify and send it to said mobile
station device;

an up repeater for receiving a signal from said mobile
station device and amplifying and sending said sig-
nal to said master station device; and

a control unit for controlling said slave station device,

wherein said slave station operation program changing
means changes the operation program of said slave
station device through a control unit unit of said master
station device when said master and slave station

devices are 1n normal operation.
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7. The repeater amplifier apparatus according to claim 6,
wherein said slave station device further comprises:

a shared unit connected to an output side of said down
repeater;

an antenna provided on said shared unit for radio com-
munication with said mobile station device; and

a power supply for supplying electric power to said up and

down repeaters, said control unit and said shared unait.

8. The repeater amplifier apparatus according to claim 6,
wherein said down repeater comprises:

an opto-electrical transducer having an input connected to
an output side of said master station device through an
optical cable and an output connected to said control
unit; and

a down amplifier having an put to an output of said
opto-electrical transducer and an output connected to a
shared unit.

9. The repeater amplifier apparatus according to claim 6,
wherein said up repeater comprises:

an up amplifier having an input connected to an output
side of a shared unmit and an output connected to said
control unit; and

an electro-optical transducer having an input connected to
the output of said up amplifier and an output connected
to an 1put side of said master station device through an
optical cable.

10. The repeater amplifier apparatus according to claim 6,
wherein said control unit of said slave station device com-
PI1SEs:

a CPU;

a readable and rewriteable ROM connected to said CPU
for storing said slave station operation program;

a RAM connected with said CPU for temporarily storing
data; and

a modem connected to said CPU for communication with
said master station device and having an input con-
nected to said up repeater and an output connected to
said down repeater.

11. The repeater amplifier apparatus according to claim
10, wherein said ROM of said control unit has an address
conflguration comprising;

a vector area 1 which there are stored an 1nitialization
program for initializing the respective components of
said slave station device and a rewrite-processing pro-
oram for rewriting said slave station operation pro-
gram;
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a first application area for storing said slave station
operation program; and

a second application areca usable for temporarily storing
said slave station operation program which 1s moved
thereto from the first application area prior to rewriting,
a new operation program thereinto.

12. A repeater amplifier apparatus comprising:

a master station device for communicating with a base
station device;

a slave station device connected to said master station
device and adapted to communicate with a mobile
station device 1 accordance with a first operation
program; and

slave station operation program changing means for

changing from said first operation program for said

slave station device to a second operation program for
said slave station device received from said master

station device while said slave station device operates
based upon said first operation program,

wherein operation program data 1s transmitted from said
master station device to a control unit of said slave
station device 1n such a manner as to be superimposed
on an RF signal indicative of transmission information.
13. A repeater amplifier apparatus comprising:

a master station device for communicating with a base
station device;

a slave station device connected to said master station
device and adapted to communicate with a mobile
station device 1n accordance with a {first operation
program; and

slave station operation program changing means for
changing from said first operation program for said
slave station device to a second operation program for
said slave station device received from said master
station device while said slave station device operates
based upon said first operation program,

wherein the operation program of said slave station
device, after having been changed, 1s restorable to the
previous state without retransmitting the first operation
program.
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